Analysis of gene expression level by RNA sequencing (RNA-seq) has a wide range of 8 biological purposes in various species. Real-time fluorescent quantitative PCR (qRT-PCR) 9 evaluated gene expression levels and validated transcriptomic, which will depend on the stably 10 expressed reference genes for normalization of the gene expression level under specific 11 situations. In this study, 15 candidate genes were selected from transcriptome datasets during 12 somatic embryogenesis (SE) initial dedifferentiation in Gossypium hirsutum L. of different SE 13 capability. To evaluate the stability of those genes, geNorm, NormFinder and BestKeeper were 14 used. The results revealed that ENDO4 and 18srRNA could be as appropriate reference genes 15 under all conditions. The stability and reliability of the reference genes were further tested 16 through comparison of qRT-PCR results and RNA-seq data, as well as evaluation of the 17 expression profiles of auxin-responsive protein (AUX22) and ethylene-responsive transcription 18 factor (ERF17). In summary, the results of our study indicate the most suitable reference genes 19 for qRT-PCR during three induction stages in four cotton species. 20
1

Introduction
23
Gene expression level analysis is crucial in many fields of biological research 1 . In 24 particular, RNA sequencing (RNA-seq) has become the prevalent method for gene 25 transcriptomes expression analysis of various species 2,3 . Moreover, real-time fluorescent 26 quantitative PCR (qRT-PCR) has also been widely applied to evaluate gene expression levels 27 and to validated transcriptomic 4,5 , and qRT-PCR provides several advantages, including higher 28 sensitivity, reproducibility and specificity 6 . However, qRT-PCR is affected by inaccurate 29 quantification of RNA, and RNA quality contributes to non-specific variations 7 . Thus, to avoid 30 bias, it is crucial to select stably expressed reference genes for normalization of the gene 31 expression level under certain conditions. Reliable reference genes are usually selected from 32 housekeeping genes because of their stable expression 1 , as well as their involvement in basic 33 cellular function and cell processes, such as cell structure formation, cytoskeletal protein 71 reference gene.
72
Materials and Methods
73
Plant materials 74 Four cultivars of Gossypium hirsutum L, YZ1, R15, X33 and X42, were investigated, among 75 which YZ1 and R15 have a relatively high SE differentiation rate and therefore comprise the 76 main transgenic material 19 . Although X33 and X42 are the major commercial cultivars in 77 Xinjiang, China, they have a low rate of differentiation during SE compared with YZ1 and R15 20 . 78 Specimens of all cultivars have been conserved in our laboratory.
79
Total RNA extraction and cDNA reverse transcription 80 Total RNA was extracted and cDNA was synthesized from each sample using the 
162
The pairwise variation V value (V n/n+1 ) of one gene with the others can also establish the 163 optimal number of reference genes for normalization. In general, V n/n+1 is the cut-off value. If
164
V n/n + 1 = 0.15, the best reference genes number for correct normalization should be optimal n+1; 165 if V n/n + 1 < 0.15, the reference genes number should be n 24 . As shown in Fig. 3 , the V 2/3 value 166 was below 1.5 in the current study, the result suggested that two reference genes were required 167 for normalization.
b) NormFinder analysis 169
The NormFinder software is a Visual Basic application tool, which be used to establish the 170 expression stabilities of reference genes based on the stability value (Sv). NormFinder analysis 171 has some varies between geNorm analysis, which takes into account intra-and intergroup 172 variations for normalization factor (NF) calculations 17 . Genes with lower average expression 173 stability values have higher stability, which is thought to indicate a stable reference gene. As 174 shown in Table 4 , the results of NormFinder analysis were relatively consistent with those of 175 geNorm. The least stable genes were as follows: 18s rRNA, END04 and ARF1 in total, three 176 induction of four cotton cultivars, PRAB5, ARF1 and 18s rRNA for YZ1; END04, IF4E2 and 177 18s rRNA for R15; END04, ARF2 and 18s rRNA for X33; and ARF2, T2FB and UFD1 for X42.
178
The least stable gene was TaF11, which was consistently found in all groups.
c) Bestkeeper analysis 180
The Bestkeeper software 18 can be used to analyze the stability and expression of 181 reference genes according to the coefficient of variance (CV), standard deviation (SD) and 182 correlation coefficient (R). Reference genes are considered to be stable when they have a 183 high R value and low SD and CV values. Additionally, if SD>1, the gene was considered 184 unacceptable 9 . As shown in Table 5 284 287 Table 3 . Expression stability of the reference genes calculated by GeNorm (M).
288 Table 4 . Expression stability of the reference genes calculated by and NormFinder (Sv).
289 Table 2 The raw value of Cq.
1 Table 3 Expression stability of the reference genes calculated by GeNorm (M). Table 4 Expression stability of the reference genes calculated by and NormFinder (Sv). Table 5 Gene expression stability ranked by Bestkeeper. 
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